Abstract
T he biomass and body size of organisms have been linked to several ecological factors (e.g. 1, 2, 3, 4, 5) . Lindenmayer et al. (6) classified species which provide much of the biomass or number of species in an area as being potential indicators of environmental conditions. Accordingly, Koivula (7) called such species "dominance indicators". In this context, he also discussed the indicatory potential of changes in carabid body size or biomass linked to ecological processes.
Carabid beetles have been used in ecological research in different habitat types such as primeval forests, mountain ranges, or brownfields (e.g. 8, 9, 10) . In some of these studies, the body size of the beetles or their body mass, respectively, has been analyzed, indicating that either small carabids of low body mass or large carabids of high body mass may dominate in an assemblage, depending on the environmental conditions given. It has been shown that average body size in carabid assemblages decreased with increasing disturbance (e.g. 11) . Cárdenas & Hidalgo (12) used mean body mass differences in order to assess environmental recovery processes. Several studies deal with the mean individual biomass of Carabidae (MIB) as indicator of the stage of succession of a habitat (e.g. 13, 14, 15) . MIB is based on the observation that in carabid assemblages smaller open-habitat species are replaced by larger forest species with ongoing succession of a habitat (13, 16 ). Yet, reanalyzing size trends in carabids at an abandoned fertilizer factory in Germany (17) , Lövei & Magura (18) showed that, dividing carabid beetles into different functional groups with respect to their foraging strategy, the size trends indicate group-specific differences.
However, the same MIB value may result from different body mass distributions within a carabid assemblage. On the one hand, the species and individuals might cover a wide range of body masses and therefore the MIB variation may be high, whereas, on the other hand, their body masses might be fairly homogenous, resulting in a low variation of MIB. Just as assumed for the MIB value itself, the underlying body mass distributions may be related to the habitat or certain habitat characteristics. Since MIB is related to the stage of succession the body mass distribution may be, too, and may provide with additional information for assessing successional processes. Hence, the aim of this work was to study potential changes in body mass distribution patterns of epigeic carabid beetles in relation to successional stages.
In order to characterize the body mass distribution patterns we calculated the standard deviation (SD) for our samples. Since the standard deviation to a certain extend depends on the mean value we also calculated the coefficient of variation (CV), i.e. SD divided by mean.
For characterization of the successional stage we also used two measures. Generally, we may assume that succession progresses with increasing age of a study site after renaturation or afforestation. However, depending on environmental conditions, succession may proceed faster or slower. For example, in many post-industrial areas (primary) succession is delayed (19, 20, 21) . Therefore, we used the age of study sites along with the MIB as an indicator of the stage of succession.
We analyzed study sites of different age in selected research areas, which were post-industrial areas located close to the city of Bełchatów (Central Poland) (22), wet forests in the Puszcza Knyszyńska (Northeastern Poland) (23), and beech forests in the Ruhr valley (Western Germany) (24). We wanted to study the changes of SD and CV along the successional gradient as measured by the age and particularly MIB of study sites, and their potential differences between the research areas. We also wanted to test whether or not any interaction between the research area and age or MIB exists with respect to SD or CV.
MetHods

Research areas and field methods
A detailed description of the study sites in the three research areas is provided in Table 1 .
From the industrial activity at Bełchatów of brown coal mining and electricity production two heaps of waste material originated: A heap of ashes produced by the power station, on which three sites of different age since renaturation with tree and shrub species were sampled, and a heap of stony material produced during the mining process, on which four sites (pine stands) of different age were sampled from 2004 to 2011. On each site, 3 pitfall traps were installed. Since in some samples the number of individuals was very low, data of each two consecutive years were pooled for each study site, resulting in 28 samples with an age-of-site range of 3-27 years (Appendix 1).
Puszcza Knyszyńska is one of the biggest forest complexes in Poland with an overall area of about 114,000 ha. Here, 24 study sites in wet and humid forest habitats were selected. The sampling period was 2006-2008 with 3 pitfall traps installed on each site. Since at individual study sites the traps were temporarily flooded in some years due to strong fluctuations of the water level the data of all 3 years of study were pooled for each study site, resulting in 24 samples with an age-of-site range of 3-127 years, with age defined as the age of the respective study site in 2007 (Appendix 1).
In the Ruhr valley in Western Germany, 14 sites in afforested beech forests were selected for inventory. With 3 pitfall traps on each study site, sampling was carried out in the years 2009 and 2010, resulting in 28 samples (ageof-site range from 1 to 166 years, Appendix 1).
Pitfall traps were containers topped with a funnel (upper diameter of about 10 cm) set flush with the soil surface. A roof was suspended a few cm above the funnel and ethylene glycol was used as a killing agent and preservative. Sampling times covered mid/late-April (beginning of May in 2010) to mid/late-October at Bełchatów, mid-May to late-September in Puszcza Knyszyńska, and mid-April to mid-November (2009) and early-April to mid-October (2010) in the Ruhr valley. Despite differences in exposure of the traps the main peaks of carabid activity were covered by the sampling periods in each research area. For each sample, the mean individual biomass (MIB), standard deviation (SD), and coefficient of variation (CV) were calculated. MIB values were calculated by dividing the biomass of all carabids in a sample by the number of specimens caught. Biomass values for the species recorded were those cited by Szyszko (13) or obtained using the equation by Szyszko (26) which describes the relationship between the body length of a single carabid individual (x) and its biomass (y): ln y = -8.92804283 + 2.55549621 × ln x SD and CV were plotted against the age of study sites and MIB, respectively. Robust fitted locally weighted scatterplot smoothing (LOESS) models were applied in order to generate response curves to the data sets, using CanoDraw for Windows 4.14 (27). We used a local linear model and a span value of 0.67. Predictors were not conditionally parametric and we normalized the scale for two predictors.
Determination of collected individuals was carried out according to the nomenclature of Freude et al. (25).
Tab. 1: Description of the study sites in the research areas Bełchatów (BE), Puszcza Knyszyńska (PK), and Ruhr valley (RV).
In order to study the potential influence of the research area, repeated-measures analyses of covariance (ANCO-VA) were carried out using IBM SPSS Statistics v. 22, with SD and CV as dependent variables and second-order effects of age and MIB as covariates. The initial models included interactions with the covariate, but all non-significant interactions were removed from the final model. When SD is plotted against the age of study sites (Fig.  1a) and MIB (Fig. 1b) , respectively, for the study sites at Bełchatów an increase is visible in both cases. For the study sites of Puszcza Knyszyńska SD values are generally high and show no trend when plotted against the age of study sites, but increase when plotted against MIB. The study sites of the Ruhr valley show no trend in both cases. For this research area SD values are also high, but variation in SD values is low compared to the values elaborated for Puszcza Knyszyńska. Taking into account all three research areas, SD plotted against the age of study sites results in a LOESS curve which drops sharply until about 15 years are reached on the age axis, followed by a steep increase until an age of about 25 years is reached. From then on, the curve shows almost horizontal progression. However, when plotting SD against MIB, the LOESS curve shows a steep increase for low MIB values while it flattens and continues horizontally from MIB values of about 300 mg.
CV plotted against age (Fig. 1c) shows an increase with very high values at an age of about 15 years for the study sites at Bełchatów. When plotted against MIB (Fig. 1d) , for this research area CV shows a clear increase with MIB values up to about 100 mg, but with higher values for MIB a slight decrease is visible. For the study sites in Puszcza Knyszynska the CV values are in general very high. Plotted against both the age of study sites and MIB they describe an arch which reaches the lowest values at an age of about 80 years and a MIB of about 260 mg, respectively. For the study sites in the Ruhr valley the CV values show high variation for young study sites and low variation for older ones. When plotted against MIB, the values drop steadily. Taking into account all three research areas, CV plotted against the age of study sites leads to horizontal progression of the LOESS curve until an age of about 80 years is reached, whereas, when CV is plotted against MIB, an increase until about 150 mg are reached on the MIB axis, followed by a slight decrease which becomes more pronounced from about 250 mg, can be discerned.
With age of study sites as covariate, ANCOVA revealed significant differences of both SD and CV between the research areas. SD and CV changed significantly with increasing age of sites. Yet, for both SD and CV, a significant interaction between the research area and age of sites was detected (Tab. 2). When using MIB as covariate, significant differences of both SD and CV were again detected between the research areas. Both changed significantly with increasing MIB. However, whereas a significant interaction between the research area and MIB existed with respect to SD, no significant interaction was revealed with respect to CV (Tab. 2).
dIscussIon
To our knowledge, changes in SD and CV of body mass distributions in carabid assemblages have not been studied in detail up to now. Studying differences between the mean and median body length in populations of Carabus arvensis, Carabus violaceus, and Pterostichus niger, Garbalińska & Skłodowski (28) concluded that particular species may show different patterns of body size adaptation to hurricane-induced habitat changes. Schreiner & Schwerk (29) analyzed possible changes in SD of elytra length of the species Carabus violaceus and Carabus problematicus in the beech stands of the Ruhr valley, but neither for males nor for females a significant correlation between SD and age of stands could be detected. Having analyzed the current data with LOESS models and AN-COVA we can indeed state that body mass distributions change along successional gradients and that differences in the changes between the research areas exist. However, with the exception of CV as dependent variable and MIB as covariate, there were significant interactions between research area and succession.
Data on the age of study sites as an indicator of succession show a much higher scatter than data on MIB, which is underscored by lower multiple R-squares for both SD and CV. Particularly high variability can be observed in Puszcza Knyszyńska and young study sites in the Ruhr valley. In Puszcza Knyszyńska, this may be due to a general lack of succession processes as already indicated by the fact that MIB does not correlate with the age of study sites (23). The strong habitat dynamics may be caused by fluctuating water conditions. Soil conditions and forestry methods might also play a role (30). In the Ruhr valley, our results may originate from a high variability of initial degradation levels. As a matter of fact, MIB values for young study sites in the research area Ruhr valley range from about 150 mg up to more than 500 mg (24).
It is evident that very low as well as very high MIB values are accompanied by comparatively low values for SD and CV. Therefore, SD and CV in a medium MIB range, i.e. at medium stages of succession, are particularly interesting. In this context, MIB values of about 150-250 mg seem to mark a decisive moment. This is when the SD curve flattens and the CV curve shows a maximum. This MIB range may represent a transition coenoses between carabid assemblages of open areas and those of advanced stages of succession. Here, changes in soil conditions may be an important factor since studies have shown that the distribution of woodland carabids may depend on the soil water holding capacity, soil trophic status, and soil acidity (31) or litter layer (32, 33) . However, studying native beech forests and spruce plantations, Magura et al. (34) reported that also canopy closure has an influence on changes in carabid assemblages during forestry cycles.
Depending on the speed of succession, the described MIB range of a possible transition coenosis may be reached on individual study sites at a different age. Accordingly, the highest CV on the study sites at Bełchatów was observed for sites with an age of about 12-16 years, whereas in the Ruhr valley it was already reached on sites of a by far younger age. Interestingly, the CV peaks approximate the inflexion points of curves based on a logistic model of succession on the study sites in these areas (35, 24) , i.e. the moment of maximum speed of succession.
Significant differences between the research areas were indicated by the results of ANCOVA. However, in three cases significant interaction was revealed and thus the response to the groups (research areas) should not be interpreted as an overall or average main effect (36). Accordingly, a significant difference between the research areas can be approved without reservation only for CV plotted against MIB. In all other cases we may merely assume a difference in response to the age of study sites or MIB between the research areas.
Management of successional stages is an important task with respect to biodiversity conservation, for instance on post-industrial areas (e.g. 14, 37) or in connection with construction projects (38). Diversification of successional stages is an important feature determining landscape structure (39). Habitat diversity, landscape structure, and land-use intensity have been proven to affect diversity patterns in different arthropod groups in temperate European agricultural landscapes (40). Hence, a variety of succession indicators is needed in order to manage sensitive habitats and landscapes effectively. Data on body mass distributions within single carabid assemblages may be useful in the assessment and comparison of successional stages and processes in different habitat types.
